Background Guidelines strongly recommend additional intra-aortic balloon pump (IABP) therapy in STEMI patients with cardiogenic shock (CS) treated by primary percutaneous coronary intervention (PCI). However, there is no randomised evidence suggesting survival benefit of IABP treatment in CS. It is suggested that timing of initiation of IABP therapy could be of great importance. Therefore, we compared mortality rates of IABP therapy versus no IABP therapy in the setting of STEMI complicated by CS. In addition, we investigated the effect of initiation of IABP therapy on mortality.
Introduction
Studies investigating temporal trends in outcomes and management of ST-elevation myocardial infarction (STEMI) patients with cardiogenic shock (CS) show that mortality has only minimally improved during the last decades [1, 2] . Despite increasing adherence to an aggressive reperfusion strategy (primary PCI and CABG) and the use of intra-aortic balloon pump (IABP) therapy, as advocated by the guidelines, in-hospital mortality for CS patients is still exceedingly high. Appreciation of the role of the systemic inflammatory response syndrome that seems to develop with progressive CS also did not lead to interventions, i.e. (nitric oxide synthase inhibitors), which lowered mortality [3, 4] . With the development of new, perhaps more potent, mechanical cardiac assist devices, the role of IABP therapy in the management of CS in recent studies has again been of major interest [5] [6] [7] [8] [9] . Routine use of IABP therapy in the setting of high-risk STEMI is not supported by evidence from randomised trials, as shown in our recently published meta-analysis [10] . In the absence of large randomised clinical studies in the setting of STEMI complicated by CS, an ongoing debate remains whether there is sufficient scientific evidence for the use of IABP therapy in addition to primary PCI and whether IABP-assisted primary PCI would lead to better outcomes opposed to start of IABP therapy after PCI or no use of IABP therapy at all.
The present study had two main objectives. The first objective was to determine if IABP therapy in addition to primary PCI in the setting of CS results in an improved outcome. The second objective was to study the relation between timing of initiation of IABP therapy and short-and long-term mortality in patients with STEMI complicated by CS.
Methods

Study population
From January 1997 to March 2005 all consecutive STEMI patients treated with primary percutaneous coronary intervention (PCI) in our hospital were entered into a dedicated database (n03038). The primary PCI was performed with standard techniques and prior to the procedure patients were treated with heparin and aspirin. For the present study all patients prospectively registered as being in CS by the attending cardiologist (n0292) were selected. We have previously published about this CS cohort [11] [12] [13] . From the selected cohort of 292, a total of 199 patients received IABP therapy ('IABP group') and 93 patients received no additional support ('no IABP group').
For analyses on timing of initiation of IABP therapy, the IABP group was divided in two subgroups: a group of patients with IABP therapy initiated prior to PCI ('IABP pre-PCI'; n059) and a group with IABP therapy initiated after PCI ('IABP post-PCI'; n0140).
Data collection
Baseline characteristics including demographics, clinical presentation, angiographic characteristics and hospital procedural data were obtained from a prospectively built dedicated database of all PCI procedures performed in our hospital. All data were checked for completeness and inconsistencies. In addition, haemodynamic data and specific IABP therapy-related data were collected retrospectively by review of the electronic medical records and hospital case records. Characteristics that were not described were considered absent. Finally, information on vital status was obtained from the Dutch national population registry (Statistics Netherlands, Voorburg, the Netherlands) per January 2007.
Definitions
The state of cardiogenic shock was determined by the attending operator guided by a definition similar to the SHOCK trial, i.e. a systolic blood pressure (BP) persistently ≤90 mmHg or vasopressors required to maintain BP >90 mmHg, evidence of end-organ hypoperfusion (e.g. urine output <30 ml or cold/ diaphoretic extremities or altered mental status), and evidence of elevated filling pressures [14] . The ischaemic time was defined as the interval between onset of symptoms and first balloon dilatation of the culprit artery. The number and dose of inotropic agents/vasopressors refers to inotropics given from admission to the catheterisation laboratory, coronary care unit (CCU) or intensive care unit (ICU).
Endpoints
The primary endpoint of the study was all-cause mortality at 30 days. For multivariate analyses odds ratios for 30-day mortality were determined. Finally, rates of bleeding requiring transfusion and stroke were assessed.
Statistical analysis
Data are presented as mean±SD for continuous variables and as frequencies for categorical variables. Normal distribution of variables was assessed visually. Differences between the IABP group versus the no IABP group, and the IABP pre-PCI versus the IABP post-PCI group in continuous variables were tested with the Student's t test or with the Mann-Whitney U test as appropriate. Differences in categorical variables were tested by the chi-square test.
Odds ratios of 30-day mortality for the IABP versus the no-IABP group, and the IABP pre-PCI versus the IABP post-PCI group were derived from univariate analyses and, in an attempt to minimise the influence of bias and confounding, from both propensity stratification analyses and multivariate logistic regression analyses.
To generate the propensity score for each patient, logistic regression modelling was used to first model the likelihood that patients were to receive IABP therapy and subsequently the likelihood that patients received IABP therapy prior to PCI versus after PCI, based on covariates independently associated with treatment assignment. Discriminative ability of the derived propensity scores was assessed by the cstatistic (>0.8 good discriminative ability). For the propensity score stratification analyses, strata were created based on quintiles of the score. Creation of 5 strata based on the propensity score has shown to remove >90 % of the bias in each of the included covariates in the propensity model [15] .
Multivariate stepwise logistic regression analyses were performed including all covariates that were associated with outcome in univariate analyses.
All tests were two-tailed and a p-value of <0.05 was considered statistically significant. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS inc., Chicago, IL, USA; version 14.0.) for Windows.
Results
IABP versus no IABP
The study cohort of 292 CS patients on admission treated with primary PCI either or not in combination with intra-aortic balloon counterpulsation consisted of 67 % males with a mean age of 64±13 years. Baseline characteristics for the study cohort divided by no IABP (n093) versus IABP (n0199) are detailed in Table 1 . Patients in the IABP group were older and more often had prior CABG. They were more likely to have multivessel disease and the LAD as the infarct-related artery. Ischaemic time between the two groups was equal, although there was a trend towards shorter ischaemic times in the IABP group. Finally, patients who received IABP were given more inotropic agents and abciximab compared with those who did not receive IABP therapy.
All-cause 30-day mortality for the total cohort of 292 CS patients was 41 %. All-cause 30-day mortality for the IABP versus the no IABP group was 47 % vs. 28 %, respectively. The rate of bleeding requiring transfusion and stroke rate in the IABP versus the no IABP group was 25 % vs. 19 % (NS) and 1.5 % vs. 1.1 % (NS), respectively.
Univariate analysis of mortality showed a significantly greater odds for mortality in the IABP group compared with the no IABP group (OR 1.7; 95 % CI 1.2-2.4).
The final propensity score model to predict the likelihood of the use of IABP therapy included seven independent predictor variables (age, admission creatinine, admission glucose, mean blood pressure, heart rate, LAD-related infarction, and multivessel disease). The c-statistic for the propensity score model was 0.85, indicating adequate discrimination. The odds for mortality after stratification by quintiles of the propensity score are detailed in Table 2 . The negative odds ratio of mortality for IABP therapy versus no IABP therapy was neutralised with adjustment by the propensity stratification model (OR 1.09; 95 % CI 0.64 to 1.89). Adjustment by the propensity stratification model resulted in an odds for mortality of 1.10 (95 % CI 0.64 to 1.89). However, also by logistic regression there was no longer a significant difference in odds for mortality (OR 1.40; 95 % CI 0.68 to 2.61). Table 3 summarises both univariate and multivariate analyses.
Initiation of IABP therapy pre-PCI versus post-PCI As detailed, the IABP group was divided into two subgroups based on the timing of initiation of support, i.e. the 'IABP-pre PCI' group (n059) and the 'IABP post PCI' group (n0140). Differences were smaller between these last two groups than between the no IABP and the IABP groups. The baseline characteristics according to timing of initiation of IABP therapy are detailed in Table 4 .
Patients in the IABP pre-PCI group were more likely to be male and were less likely to have diabetes mellitus. Finally, they had higher lactate levels on admission and received more inotropic agents/vasopressors as opposed to patients from the IABP post-PCI group.
All-cause 30-day mortality for the IABP pre-PCI versus the IABP post-PCI group was 62 % vs. 40 %, respectively. Univariate analysis, consequently, showed a significantly greater odds for mortality in the IABP pre-PCI group compared with the IABP post-PCI group (OR 1.56; 95 % CI 1.18-2.08).
The final propensity score model to predict the likelihood of the use of IABP therapy pre-PCI included eight independent predictor variables (age, male gender, admission glucose, LAD-related infarction, admission lactate, previous myocardial infarction, previous CABG, and TIMI flow 0 before PCI). The c-statistic was 0.94. The odds for mortality after stratification by quintiles of the propensity score are detailed in Table 5 . The negative odds ratio of mortality for IABP pre-PCI versus post-PCI was diminished to a nonsignificant difference in mortality estimates with adjustment by the propensity stratification model (OR 1.42; 95 % CI 0.81 to 3.25). Adjustment by logistic regression also neutralised the negative odds ratio for mortality in univariate analysis (OR 1.13; 95 % CI 0.51 to 2.54). Table 6 summarises both univariate and multivariate analyses.
Discussion
This study reflects a representative single-centre population of STEMI patients with CS on admission over a long range of years (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . The overall 30-day mortality rate of 41 % was comparable with rates observed in other cohort studies [1, 2] . We conducted a retrospective analysis to compare outcomes of concomitant IABP therapy versus no IABP in patients with STEMI complicated by CS undergoing primary PCI. In addition we investigated whether timing of initiation of IABP therapy is of influence on outcome.
The principal finding of this study is that IABP therapy in addition to primary PCI showed neither a significant positive nor a negative odds ratio with regard to 30-day mortality after multivariate adjustment.
Univariate analysis showed a negative 30-day mortality odds ratio of IABP therapy in addition to primary PCI (OR 1.67; 95 % CI 1.16 to 2.39). However, analyses adjusting outcomes by a propensity stratification model (OR 1.09; 95 % CI 0.64 to 1.89) and logistic regression model (OR Comparison of effect of IABP therapy in CS on 30-day mortality across strata (quintiles) of propensity score IABP intra-aortic balloon pump; OR odds ratio, CI confidence interval; n number of patients who died; N total number of patients in group a Manthel-Haenzel pooled estimate (p00.739)
1.40; 95 % CI 0.68 to 2.61), respectively, neutralised this negative odds ratio. In respect to the timing of initiation of IABP therapy, our study did not show any significant difference in odds of mortality. Univariate analysis resulted in an odds ratio in favour of initiation of IABP therapy after PCI (OR 1.56; 95 % CI 1.18 to 2.08). However, adjustment by propensity analysis (OR 1.42; 95 % CI 0.81 to 3.3) and multivariate logistic regression analysis (OR 1.13; 95 % CI 0.51 to 2.54), respectively, showed no significant difference in odds of 30-day mortality.
Concomitant acute circulatory support and left ventricular unloading has been suggested to provide superior infarct salvage and therefore improved long-term outcome over reperfusion alone. Intra-aortic balloon counterpulsation is still the most used method of LV unloading and haemodynamic support in the catheterisation laboratory [5] . However, the use of IABP therapy concomitant to primary PCI remains controversial, due to lack of sufficient (randomised) scientific support, as evidenced recently by a meta-analysis from our group [10] . Nonetheless, the ACC-AHA 2011 guidelines still list the use of IABP therapy (or another haemodynamic support device) in the setting of CS as a class IB recommendation [16] , albeit, in contrast to the former 2008 version of the guidelines, with the statement that there are no data to support a reduction in mortality rates [17] . The European Society of Cardiology guidelines report an IC recommendation for IABP therapy in the setting of cardiogenic shock (i.e. expert opinion) [18] . The results of our study concerning the use of IABP therapy per se are in concordance with a recent study from Prondzinsky et al., which reported on the first randomised controlled trial investigating concomitant IABP (n023) versus no IABP (n022) therapy immediately post-PCI in the setting of CS [9] . The study showed neither a significant difference in APACHE II scores (primary endpoint) nor in mortality between both groups. In contrast, in the large NRMI Registry mortality was significantly higher, even after multivariate analysis, for patients receiving IABP therapy in addition to primary PCI in the setting of CS [19] . Another important consideration is that complications of IABP therapy (i.e. bleeding, stroke) may outweigh any putative benefits [10] . Overall, the currently available data do not seem to be conclusive with regard to the role of IABP therapy in the setting of primary PCI for STEMI complicated by CS [9, 19] .
Finally due to a paucity of data an ongoing debate remains as to whether IABP therapy should be initiated before or after PCI in order to be able to beneficially affect outcome. Experimental research suggests that unloading prior to revascularisation might result in an additional reduction in infarct size [20, 21] . In line with this hypothesis a small retrospective study (n048) recently showed an improved outcome when IABP was used before as opposed to after PCI [7] . However there were significant differences in mean values of cardiac enzymes between the two groups in favour of the IABP-assisted PCI group, i.e. both presentation and peak levels were lower, suggesting earlier presentation and less extensive infarction. Although multivariate analysis was attempted to correct for this difference, patients from the IABP post-PCI group due to the delayed presentation may have been a priori in a more progressed state of cardiogenic shock and multiple organ failure, as also evidenced by the higher trends in need for vasopressors, mechanical ventilation and renal replacement therapy.
To our knowledge the present study represents the largest cohort used to investigate the issue of timing of initiation of IABP therapy in the setting of STEMI complicated by CS. Our data suggest no difference in effect on outcome between initiation of IABP therapy either before or after primary PCI, which is in accordance to a subgroup analysis of a prior randomised trial by Thiele et al. investigating concomitant left ventricular assist device support versus IABP therapy in the setting of CS [22] .
Of note, a recent large randomised trial (BCIS-1) of IABPassisted PCI versus no IABP in the setting of elective PCI did Comparison of effect of IABP therapy pre-PCI vs. post-PCI in CS on 30-day mortality across strata (quintiles) of propensity score IABP intra-aortic balloon pump; OR odds ratio; CI confidence interval; n number of patients who died; N total number of patients in group a Manthel-Haenzel pooled estimate (p00.176) ABP intra-aortic balloon pump; OR odds ratio; CI: confidence interval; IRA infarct-related artery; LAD left descending artery MBP mean blood pressure; HR heart rate not prove to reduce major adverse cardiac and cerebral events [23] . In addition in the setting of STEMI without haemodynamic derangement, the CRISP-AMI (Counterpulsation to Reduce Infarct Size Pre-PCI-Acute Myocardial Infarction) trial [24] , again randomising between IABP-assisted PCI vs. PCI without IABP support, also did not show improved outcomes, i.e. MRI-determined infarct size at 4 days, death or reinfarction at 30 days and six months. In summary, to date there does not seem to be strong support for IABP-assisted primary PCI in the setting of STEMI complicated by CS. Recent trials even show IABP therapy to be discouraged in the setting of elective PCI and stable STEMI patients. However, mechanical cardiac assist in general, due to its intuitive and experimentally supported rationale, remains an appealing treatment strategy. Perhaps use of the more potent percutaneous left ventricular assist devices, which are increasingly being used, will show a benefit for initiation of LV support either before, during or after PCI. However, currently there is no evidence supporting the routine use of percutaneous LVAD, as shown in a recent meta-analysis by Cheng et al. [8] . Moreover, with the strong scientific evidence for primary PCI as the cornerstone of treatment and time being muscle for STEMI patients, including those with CS, one should consider whether the benefits of LV support, when initiated prior to PCI, will outweigh a delay in reperfusion. Perhaps answers will foll o w f r o m t h e r u n n i n g I A B P -S H O C K I I t r i a l (NCT00491036) investigating IABP versus no IABP in addition to primary PCI in the setting of cardiogenic shock.
Limitations
Despite the concordant results of the propensity stratification and logistic regression analyses, it remains important to note that in the present study, there still might be residual confounding and bias. With both methods, hidden bias may remain due to the presence of (dormant) unobserved confounders. Furthermore in propensity analysis the decision for the investigated treatment is assumed to be at one point in time.
In normal practice it is obvious that the decision whether or not to insert an IABP is not taken at a single point in time. First, in some cases the operators may insert the IABP before primary PCI as a stabilising measure in the presence of an unstable haemodynamic condition of the patient or in patients in whom further deterioration is foreseen due to reperfusion injury, a large myocardial area at risk or other causes. Second, indications may also arise after primary PCI for the operators to decide upon initiation of IABP therapy, i.e. in case of unanticipated haemodynamic deterioration after PCI, in case of persistent instability, or as a last resort. As our database only provided haemodynamic and laboratory data recorded at admission, we could not correct for factors influencing late decisions to start IABP treatment. Therefore, without formalised criteria for the indication of IABP therapy, indication bias seems inevitable. Possibly, operators may have intuitively selected patients expected to respond well to IABP treatment. On the other hand, operators may have preferentially given IABP treatment to patients in a poorer condition. It is difficult to withhold patients from active treatment with IABP, even if their prognosis is extremely bleak. Therefore, the results of this analysis must be interpreted cautiously. The indication bias detailed above can only be prevented by proper randomisation. Of note, the point in time chosen for randomisation will be a matter of debate, and it is not certain whether it will be possible to address the different indications for IABP therapy in the setting of STEMI complicated by CS in one single trial.
Conclusion
In our cohort of patients with STEMI complicated by CS treated with primary PCI we observed a difference in mortality between those treated with IABP and those treated without IABP in favour of the 'no IABP' group. The mortality difference was eliminated after adjustment for differences in case mix by propensity stratification or by logistic regression analysis. Neither did we observe any difference in mortality between patients whose IABP treatment was initiated before or immediately after PCI. However, limitations of the propensity stratification and logistic regression analyses in eliminating bias and confounding must be recognised. Therefore the results of this study need to be interpreted cautiously.
